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(54) DIE MOLDING MACHINE AND PATTERN CARRIER 



(57) In the molding machine of this invention, foun- 
dry sand thrown into a molding space defined by a pat- 
tern plate and flask members is compressed in two 
steps. Namely, in the first step a lower subsidiary flask 
is stationary while in the second step the flask is mova- 
ble. The pattern carrier molding machine of this inven- 
tion comprises a molding base, flask-setting cylinders, 
a lift-support frame : and a segment-squeeze sand hop- 
per. The auxiliary flask 62 of the compact pattern-plate 
carrier with an auxiliary flask of this invention is installed 
movably up and down through a plurality of upward oil 
cylinders 63,63 that are expanded/contracted via spe- 
cial oil cytinders 64,65 operated by outside cylinders 
68,69. 
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Description 

Technical Field 

[0001] This invention relates to a method and appa- 
ratus for compressing foundry sand in a molding space. 
It also relates to a molding machine equipped with a 
flask and a pattern carrier, wherein upper and lower 
mold halves are alternately molded for each empty mold 
half carried therein. In particular, it relates to improve- 
ment in the pattern plate carrier with an auxiliary flask 
carried along with a pattern plate. 

Background of the Invention 

[0002] Conventionally, foundry sand has been com- 
pressed in a molding space formed between a pattern 
plate and molding flask by having the pattern plate and 
compressing means approach each other. This method 
has some problems in that since it needs large-sized 
cylinders the height of a molding machine used for them 
becomes high and the related facilities, such as a pit, 
cost a lot accordingly. This method has also some dis- 
advantages in that since in it, wherein an auxiliary flask 
on which a molding flask is put is put on the upper part 
of a pattern plate, the foundry sand thrown into the mold- 
ing space to fill it must be smoothed prior to compres- 
sion, so that a lot of spilled sand may be generated, and 
so that uneven compression or an uneven compressed 
surface may occur. Therefore, a lot of time and labor are 
needed to deal with such disadvantages. Further, in the 
conventional blow-squeeze machine, wherein foundry 
sand is blown into a molding space to fill the space de- 
fined by squeeze heads, a molding flask on which an 
auxiliary flask is put, and a pattern plate, the foundry 
sand is squeeze compressed. 

[0003] Japanese Patent Early-publication No. 
63-63552 discloses a pattern plate carrier with an aux- 
iliary flask as an example used in such a blow-squeeze 
machine. In the conventional pattern plate carrier with 
an auxiliary flask, a pattern plate is mounted on a carrier 
box disposed movably up and down such that the aux- 
iliary flask is moved up and down through cylinders fixed 
to the carrier box. Since to move the auxiliary flask of 
the thus constituted conventional pattern plate carrier 
large-sized air cylinders having a large diameter are 
used, a great space is needed as well as a large-sized, 
high-priced blow-squeeze machine. Further, there is al- 
so a problem in that to remove the piping of the air cyl- 
inder the replacement of the pattern plate carrier with 
an auxiliary flask is very troublesome. 

Disclosure of Invention 

[0004] In view of these circumstances this invention 
was made. Thus, one object of this invention is to supply 
a method and apparatus for molding foundry sand into 
a mold with a given uniform hardness in a molding space 



defined by a pattern plate and flask members without 
using a pit or large-sized oil cylinders. 
[0005] Another object of this invention is to supply a 
molding machine and pattern carrier wherein the gen- 
5 eration of spills or scraps of sand is reduced, and where- 
in foundry sand is homogenously compressed at a low 
cost. 

[0006] A further object of this invention is to supply a 
compact pattern plate carrier with an auxiliary flask that 

10 can be easily replaced. 

[0007] In accordance with one aspect, the method of 
this invention for molding a mold by compressing foun- 
dry sand disposed in a molding space defined by a pat- 
tern plate, subsidiary flask, and flask member comprises 

15 the steps of throwing foundry sand into the molding 
space, pressing down the foundry sand in the molding 
space while at least said subsidiary flask is being kept 
unable to go downward, and further pressing down the 
foundry sand in the molding space while both said sub- 

20 sidiary flask and said flask members are being kept un- 
able to go downward. 

[0008] In accordance with a further aspect, the appa- 
ratus of this invention for molding a mold comprises a 
pattern plate fixedly disposed horizontally, a subsidiary 

25 flask disposed around said pattern plate so as to be 
moved up and down, lift means for moving said subsid- 
iary flask up and down, a flask member disposed above 
said subsidiary flask so as to be moved up and down, 
and compressing means disposed above said flask 

30 member wherein the ends of the compressing members 
can reach at least a point within said flask member. 
[0009] In another aspect, the apparatus of this inven- 
tion for molding a mold comprises a pattern plate dis- 
posed fixedly and horizontally, a subsidiary flask dis- 

35 posed around said pattern plate so as to be moved up 
and down, lift means for moving said subsidiary flask up 
and down, a flask member disposed above said subsid- 
iary flask so as to be moved up and down, and com- 
pressing means disposed above said flask member, 

*o wherein the ends of the compressing members can 
reach at least a point within said flask member. 
[0010] In still another aspect, the pattern carrier of this 
invention comprises a mount on which the pattern plate 
is mounted and a flask-shaped frame disposed to be 

45 movable up and down around said pattern plate for re- 
moving a finished mold. 

[0011] In a further aspect, the pattern carrier of this 
invention comprises a mount on which a pattern plate is 
mounted, a flask-shaped frame disposed to be movable 

so up and down around said pattern plate for removing a 
finished mold, a plurality of guide pins for moving said 
fiask shaped frame up in a parallel manner, and a plu- 
rality of actuators mounted on a molding. 
[0012] In a still further aspect, the pattern plate carrier 

55 of this invention for carrying a pattern plate comprises 
a plurality of upwardly movable cylinders mounted on 
said pattern plate carrier to move said auxiliary flask, at 
least two special oil cylinders mounted on said pattern 
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plate carrier for supplying fluid to the upward cylinders 
by being alternately contracted, and at least two cylin- 
ders disposed separately outside said pattern plate car- 
rier and constituted such that the alternate expansion of 
said at least two cylinders causes said special oil cylin- 
ders to alternately contract. 

Brief Descriptions of Drawings 

[0013] 

Fig. 1 is a schematic vertical section to show a first 
embodiment of the molding machine of this inven- 
tion. 

Fig. 2 is a schematic vertical section to show a state 
of standby for operating a second embodiment of 
the molding machine of this invention. 

Fig. 3 is a schematic vertical section to show a state 
of a molding space being defined in the embodi- 
ment of Fig. 2. 

Fig. 4 is a schematic vertical section to show a state 
of the molding space being aeration filled with foun- 
dry sand in the embodiment of Fig. 2. 

Fig. 5 is a schematic vertical section to show a state 
of the foundry sand being primarily compressed in 
the embodiment of Fig. 2. 

Fig. 6 is a schematic vertical section to show a state 
of the foundry sand being secondarily compressed 
in the embodiment of Fig. 2. 

Fig. 7 is a schematic vertical section to show a state 
of the removal of a finished mold and the supply of 
foundry sand in the embodiment of Fig. 2. 

Fig. 8 is a schematic vertical section to show a state 
of the replacement of a pattern plate in the embod- 
iment of Fig. 2. 

Fig. 9 is an enlarged section viewed from an ar- 
rowed line A-A in the embodiment of Fig. 2. 

Fig. 10 is an enlarged vertical section to show an- 
other embodiment of the pattern plate carrier of this 
invention. 

Fig. 1 1 is a schematic elevation to show an embod- 
iment of the pattern plate carrier of this invention. 

Preferred Embodiments of Invention 

[0014] Referring to Fig. 1 , now we explain a first em- 
bodiment of the molding machine of this invention. The 
molding machine comprises a pattern plate 31 fixed hor- 



izontally, a lower subsidiary flask 32 that surrounds the 
periphery of the pattern plate 31 and that is disposed 
such that it can be both slid and moved up and down, a 
molding flask 33 that is disposed above the lower sub- 

s sidiary flask 32 so as to be moved up and down, an up- 
per subsidiary flask 34 disposed above the molding flask 
33 so as to be moved up and down : and the squeeze 
feet 48 of the compressing means 35, which are dis- 
posed so as to be movable up and down above the 

10 molding flask 33 such that their ends can reach within 
an area surrounded by the upper subsidiary flask 34. 
[0015] The pattern plate 31 is mounted on the upper 
surface of a turntable 49, described below. In the upper 
surface of the pattern plate 31 , vent-plugs (not shown) 

15 are embedded according to the shape of the pattern 
plate. The lower subsidiary flask 32, mounted on the 
turntable 49, is moved up and down by oil cylinders 
36,36 that are installed in the turntable as a lift mecha- 
nism for the lower flask. The molding flask 33 is moved 

20 in the front and rear directions (in relation to the face of 
the drawing) by a transport mechanism 39 installed in a 
lift frame 40 that is pivoted onto frames 38,38 through a 
plurality of rollers 37,37 with collars. The rollers 33.37 
are distanced also in the front and rear directions. The 

25 lift frame 40 bridges the upper ends of the piston rods 
of two oil cylinders 42,42 that are installed in the left and 
right ends of a level block-like base, and is moved up 
and down by the expansion/contraction of the oil cylin- 
ders. 

30 [001 6] The upper subsidiary flask 34 bridges the low- 
er ends of the piston rods of downward oil cylinders 
44,44 installed in the frames 38,38. The compressing 
means 35, having squeeze feet 48,48, namely, a plural- 
ity of compressing members in a square shape, are 

35 mounted on rails 50,50 that are installed in the frames 
38,38 such that the compressing feet can be moved in 
the front and rear directions through a plurality of rollers 
51 ,51 with collars. A hopper 52 is mounted on the rails 
50,50 so that the hopper can be moved in the front and 

40 rear directions. The central part of the turntable 49 is 
installed in the left-side oil cylinder 42 as transport 
means for transporting the pattern plate in the left and 
right directions such that the turntable can be intermit- 
tently and horizontally rotated. 

45 [001 7] Below we explain the procedure for compress- 
ing foundry sand thrown into a given molding space. 
First, the lower subsidiary flask 32 is moved up by ex- 
panding the oil cylinders 36,36; in this state the oil cyl- 
inders 42,43 are contracted by a given length; the lift 

so frame 40 is moved down so that the molding flask 33 is 
put on the lower subsidiary flask 32; and then the oil 
cylinders 44,44 are expanded such that the upper sub- 
sidiary flask 34 is put on the molding flask 33 to form a 
molding space. 

55 [001 8] After the formation of the molding space, a giv- 
en amount of molding sand is thrown into the molding 
space from the measuring hopper 52; the hopper 52 is 
then transported out and at the same time as this the 
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compressing means 35 are transported above the upper 
subsidiary flask 34. The downward movement of the 
lower subsidiary flask 32 is then caused to be unable to 
be further continued by stopping the discharge of oil 
when the oil cylinders 36,36 are being contracted; the 
compressing members 48,48 of the compressing 
means 35 are independently moved down while the dis- 
charge side of the oil in the cylinders has been released 
when the oil cylinders 44,44 are being contracted; and 
the compressing means 35 are then moved down by an 
appropriate height through the lift frame 40 by contract- 
ing the oil cylinders 42,43 so that the foundry sand is 
compressed, to thus complete the first stage of the com- 
pression. 

[0019] Next, the downward movement of the lower 
subsidiary flask 32 is made possible by releasing the 
discharging side of the oil cylinders 36,36 when the cyl- 
inders are being contracted; the compressing means 
35, molding flask 33, and upper subsidiary flask 34 are 
then moved down by further contracting the oil cylinders 
42,43; and then the lower subsidiary flask 32 is thereby 
moved down through the molding flask 33, upper sub- 
sidiary flask 34, and oil cylinders 44,44 such that the 
foundry sand united with the molding flask 33 is moved 
down to be further pressed against the pattern plate, to 
thus complete the second stage of compression. At this 
time, preferably the lower surface, namely the joint sur- 
face of the foundry sand in the molding flask, coincides 
with the level of the lower surface of the molding flask. 
[0020] One cycle of the process of pressing foundry 
sand is then completed as follows: after the foundry 
sand has been compressed, the compressing means 
35, including the compressing members 48,48 or the 
like and the upper subsidiary flask 34 and the like are 
moved upward by operating the oil cylinders 42,43 in an 
expansion mode while also operating the oil cylinders 
36,36 in an expansion mode the molding flask 33, hav- 
ing a finished mold therein, is raised by being hung up 
by rollers 37,37, each having a collar, so as to be sep- 
arated from the pattern plate 31; another pattern plate 
31 is then brought just under the compressing means 
35 by horizontally rotating the turntable 49 by 180 de- 
grees; the measuring hopper 52 is filled by foundry 
sand; and finally, another empty molding flask 33 is put 
on the transport mechanism 39 to complete the cycle. 
[0021 ] Although in the above embodiment a mold with 
a molding flask is used, a mold with no flask that has 
just been pushed out from a molding mold may also be 
used. In this case, the pressing members 48,48 can be 
moved down to any level within the upper subsidiary 
flask 34 and molding flask, and further, the upper sub- 
sidiary flask 34 can be omitted. 
[0022] Now we explain a second embodiment of this 
invention by referring to Figs. 2-10. 
[0023] In Fig. 2, upward flask-setting cylinders 2,2 are 
mounted on a molding base 1 , and a frame 3 for sup- 
porting the lifting movement of molding members bridg- 
es the rods 2A.2A of the cylinders 2,2. A pattern-replac- 



ing device 4 for alternatively transporting a pattern car- 
rier 6,6A (see Fig. 9), on which a pattern plate 5,5A is 
to be mounted, is disposed above the molding base 1 
in a direction perpendicular to the left and right directions 
5 of the flask-setting cylinders 2,2. The pattern-replacing 
device 4 is disposed so as to be movable perpendicular 
to the face of the drawing by an actuator (not shown). 
[0024] A pattern carrier 6, 6A, on which a pattern plate 
5,5A (an upper and lower pattern plates) is to be mount- 
10 ed, is mounted on both sides of the pattern-replacing 
device 4 such that the pattern carrier 6,6A is in a raised 
state by about 5 mm through a spring (not shown), and 
such that the pattern plate 5,5A is alternatively trans- 
ported into and out relative to a position just above the 
15 center of the molding base 1 (see Fig. 9). 

[0025] Flask-removing upward cylinders 7,7A, oper- 
ating as an actuator, are embedded in the four corners 
of the outside of the pattern plate 5.5A on the pattern 
carrier 6,6A. Flask-shaped flask-removing frames 8,8A 
are connected to and supported by the ends of the cyl- 
inders 7,7A such that the frames 8,8A can be freely 
moved up and down while surrounding the pattern plate 
5,5A. The flask-removing frames 8,8A are constituted 
such that at the expanded end of the flask-removing cyl- 
inders 7,7A the frames 8,8A protrude a little above the 
parting plane of the pattern plate 5,5A, and at the con- 
tracted end the frames are almost level with the parting 
plane (see Fig. 6). 

[0026] A sand hopper 12 is hung from the support 
frame 3. An opening 10, through which foundry sand is 
thrown into the hopper, and which is opened and closed 
by a slide gate 9, is provided in the upper end of the 
hopper, and numbers of air chambers 11,11 are provid- 
ed in the inside of the hopper 12. An air-supply tube 21 , 
through which low-pressure air (for example, 0.05-0.1 8 
Mpa) is introduced communicates with the upper part of 
the hopper 12 via a changeover valve (not shown). An 
aeration mechanism is provided in the inside of the low- 
er part of the hopper wherein the air chambers 11,11 
communicate with a low-pressure air source (for exam- 
ple, 0.05-0.1 8 Mpa) via a changeover valve (not shown) 
such that the low-pressure air is jetted into the hopper 
1 2 to aerate and fluidize the foundry sand S. Further, in 
the bottom of the hopper 12 segmented-squeeze feet 
(compressing members) 13,13 are provided, and 
around them nozzles 14,14 are provided to direct the 
sand for filling the hopper. 

[0027] A subsidiary flask 16 is disposed to surround 
the segment-squeeze feet 13,13 and sand nozzles 
14,14. The subsidiary flask 16 is moved up and down 
through downward subsidiary-flask cylinders 17,17 in- 
stalled in the lower part of the hopper 12. In the upper 
part of the subsidiary flask 1 6 vent holes 1 5, 1 5 that com- 
municate with a control chamber (not shown) are dis- 
posed to control exhaust air. A transport conveyor 1 9 for 
a molding flask 20 is hung from frames 18,18 extending, 
in both the left and right sides of the sand hopper 12, 
from the lift frame 3 to the lower part of the squeeze feet 
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13,13. 

[0028] Referring again to Figs. 2-10, now we explain 
the details of the operation of the molding machine of 
this invention. 

[0029] In Fig. 2, foundry sand is thrown into the sand 
hopper 12, all segmented-squeeze feet 13,13 together 
form a concave/convex shape corresponding to that of 
the pattern plate 5, and an empty molding flask 20 is put 
on the transport conveyor 1 9. 

[0030] The pattern carrier 6 is set on the pattern-re- 
placing device 4 in a raised state, about 5 mm above 
the molding base 1 . The mold-removing frame 8 is made 
to protrude above the parting plane of the pattern plate 
5 by the subsidiary-flask cylinders 7,7. In this state, the 
subsidiary flask 1 6 is moved down to closely contact the 
upper surface of the molding flask 20 by expanding the 
subsidiary cylinders 17,17 after the sand-throwing 
opening has been closed by the slide gate 9; the molding 
flask 20 is then pressed against the protruding mold-re- 
moving frame 8 at the periphery of the pattern plate 5 
through the contraction movement of the flask-setting 
cylinders 2,2; and the pattern carrier 6 is then pushed 
down in resistance to a spring" (not shown), to thus 
achieve the state as in Fig. 3. At this time the molding 
space formed by the pattern plate 5, mold-removing 
frame 8, molding flask 20, subsidiary flask 16, and 
squeeze feet 13,13 takes a concave/convex-shape cor- 
responding to the concave/convex shape of the pattern 
plate 5. 

[0031] The state as in Fig. 4 is then achieved as fol- 
lows: low-pressure air is supplied to the sand hopper 1 2 
from the air-supply tube 21 via a changeover valve (not 
shown) while the foundry sand S in the hopper being 
aerated by low-pressure air is Jetted thereinto from num- 
bers of air-jet chambers 11,11; and the molding space 
is thus aeration-filled with the foundry sand through the 
sand-directing nozzles 14,14, as shown in Fig. 4. At this 
time the remaining low-pressure air used for the aera- 
tion filing is discharged through vent holes 15 (not 
shown) of the pattern plate 5. Further, the amount of ex- 
haust air discharged from the vent holes 1 5 (not shown) 
of the pattern plate 5 can be controlled by controlling the 
exhaust air by using an exhaust-air-control chamber 
(not shown). This may enable the density of the foundry 
sand to be partly adjusted to fill a complicated shape of 
the pattern plate 5 in the molding space. 
[0032] The state as in Fig. 5 is then achieved as fol- 
lows: the lift-support frame 3 and the members support- 
ed by it are moved down further while the flask-setting 
cylinders 2,2 are being further contracted, and while the 
subsidiary-flask cylinders 17,17 are also being contract- 
ed; and then the primary squeeze, namely, the first-step 
compression, is carried out until all the lower surfaces 
of the squeeze feet 13,1 3 become flat, as shown in Fig. 
5. At this time the contraction movement of the flask- 
setting cylinders 2,2 is continued until the compression 
(squeeze) pressure indicated by a pressure sensor (not 
shown) has reached a given first set pressure or the po- 



sition of an encoder (not shown) of the flask-setting cyl- 
inders 2,2 has reached a given first set position. 
[0033] The state as in Fig. 6 is then achieved as fol- 
lows: the flask-removing cylinders 7,7 are caused to be 

s changed into an oil-released state and at the same time 
as this the flask-setting cylinders 2,2 are contracted at 
a pressure higher than the first-step pressure such that 
the molding flask 20, subsidiary flask 16, and squeeze 
feet 13,13 are moved down as a unit to secondarily 

10 squeeze (second compression) all the foundry sand. 
Thus, the mold-removing frame 8 is moved down by the 
contraction of the flask-removing cylinders 7,7 to a level 
about the same as that of the parting plane of the pattern 
plate 5, as shown in Fig. 6. Further, in a case where the 

15 squeeze pressure does not reach the given second 
pressure when the mold-removing frame 8 has reached 
the end of the downward movement, a further squeeze 
is carried out by further contracting the flask-setting cyl- 
inders 2,2 while the subsidiary flask cylinders 1 7,1 7 are 

20 being contracted. 

[0034] When the squeeze pressure has reached the 
given second set pressure, a squeeze-stabilizing timer 
begins to operate so that the squeeze operation is main- 
tained for a given time. At this time, to correspond to the 

25 situation wherein the mold-removing frame 8 has not 
reached the end of the downward movement, the sub- 
sidiary flask cylinders 17,17 are operated in an expan- 
sion mode such that the molding flask 20 is pushed 
down until the mold-removing frame 8 has reached the 

30 end of the downward movement through the downward 
movement of the subsidiary flask 16. Thus, the lower 
surface of the molding flask 20 can be kept at about the 
same height as the lower surface of the mold at each 
time. 

35 [0035] The state as in Fig. 7 is achieved as follows: 
while the molding flask 20 is being compressed, via the 
mold-removing frame 8, against the subsidiary flask 16 
through the expansion operation of the cylinders 7,7, the 
flask-setting cylinders 2,2 are then inversely operated 

40 to remove the finished mold; at this time the subsidiary- 
flask cylinders 17,17 are moved up as a unit by being 
united with the molding flask 20 and the squeeze feet 
13,13; the molding flask 20 that has molded a mold is 
supported and moved upward to be removed via the 

45 mold-removing frame 8 by the cylinders 7,7 and at the 
same time as this the molding flask is moved up as a 
unit by being united with a subsidiary flask 16 and 
squeeze feet 13,13; and in the middle of the upward op- 
eration the molding flask 20 that has molded a mold is 

so scooped up by the transport conveyor 1 9 to be com- 
pletely separated from the pattern plate, and foundry 
sand S is supplied to the sand hopper as shown in Fig. 
7. At this time the mold is removed in a very precise man- 
ner. This is because the finished mold is removed when 

55 jt is raised a little from its stationary state, as well as the 
finished mold being removed when the piston rods 2A, 
2A of the flask-setting cylinders have been in their most 
contracted positions. 
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[0036] Finally, the state as in Fig. 8 is achieved as fol- 
lows: the molding flask 20, which has molded a mold, is 
then transported away via the transport conveyor 19; an 
empty molding flask 20 is transported in and at the same 
time as this the pattern-replacing device 4 is operated 
by actuators (not shown) to replace the pattern plate 5 
with a pattern plate 5A; and the segmented-squeeze 
feet 13,13 are operated to form a concave/convex 
shape corresponding to the concave/convex shape of 
the pattern plate 5A, as shown in Fig.8. 
[0037] When the pattern plate 5.5A is to be replaced 
with another pattern plate, a pattern carrier 6,6A, on 
which the pattern plate 5, 5A is placed, is transported out 
from the pattern-replacing device 4 by pattern carrier- 
transport means (not shown), and after the pattern plate 
5.5A has been replaced with another pattern plate, the 
pattern carrier 6.6A, on which another pattern plate is 
placed, is transported to beset into the pattern-replacing 
device 4. 

[0038] Although in the embodiments of this invention 
it is described that low-pressure air is jetted from the 
lower periphery and the lower inside of the sand hopper 
12, the low-pressure air may be jetted from another lo- 
cation in the sand hopper 12. Although the preparatory 
compression of foundry sand is not carried out, foundry 
sand may be preparatively compressed through fluid-air 
compression by providing a rotary gate, or an opening 
for introducing compressed air, and the like. Further, al- 
though it is described that numbers of air-jetting cham- 
bers 11,11 communicate with a changeover valve (not 
shown), this may be changed such that a changeover 
valve is provided for each individual air-jetting chamber 
to separately adjust the jetted low-pressure air. 
[0039] Although in the embodiments of this invention 
it is described that the flask-removing cylinders 7.7A that 
operate as an actuator to move the flask-removing 
frame are built in the pattern carrier 6.6A, the flask-re- 
moving cylinders may be not so limited, but they may 
be built in the pattern -rep lacing device 4, Further, an- 
other embodiment of a pattern carrier 25, as shown in 
Fig. 10, comprises a portion for placing a pattern-plate 
22, a plurality of guide pins 24 that slide up and down 
on the outside of the pattern plate 22 and that horizon- 
tally push up the bottom surface of the flask-shaped 
mold-removing frame 23, flask-removing cylinders 26 
that operate as a plurality of actuators for moving up and 
down the plurality of guide pins 24 so as to have them 
penetrate a space portion in the bottom surface of the 
pattern carrier 25, and a molding base 27 on which the 
flask-removing cylinders 26 are mounted such that ends 
of the flask-removing cylinders 26 do not reach the lower 
surface of the pattern carrier 25 when they are most con- 
tracted. 

[0040] It is a matter of course that there should be no 
interference between the pattern-replacing device 28 
and the flask-removing cylinders 26 when the former is 
being transferred. Some means (for example, fall-pre- 
venting means, not shown, that connects the plurality of 



guide pins 24 to the flask-removing frame 23) should be 
provided to prevent the plurality of guide pins 24 from 
falling. Further, it is considered that in the pattern carrier 
25 a clamping member (not shown) and a clamping de- 
s vice to clamp the clamping member are provided, and 
the pattern carrier 25 is pressed against the molding 
base 27 by pulling the clamping member through the 
clamping device. 

[0041] In the case of the embodiment shown in Fig. 

io 1 .0, since the flask- removing cylinders 26 can also be 
used for upper and lower pattern carriers at both sides 
of the pattern -rep lacing device 26, the cylinders can be 
installed in just the molding base. Thus, the pattern car- 
rier 25 will not become complicated, and when a working 

15 fluid is used, the constitution of its circuit may be simple 
and the power of the working fluid can be small. 
[0042] Referring to Fig. 1 1 , we now explain an embod- 
iment of the pattern carrier apparatus used for the mold- 
ing machine of this invention. An auxiliary flask 62 is dis- 

20 posed movably up and down in the upper end part of a 
box-shaped pattern plate carrier 61 . The auxiliary flask 
62 is mounted on the piston rods of a plurality of upward 
oil cylinders 63 ? 63 mounted on the carrier 61 such that 
the auxiliary flask 62 can be moved up and down 

25 through the expansion/contraction of the oil cylinders 
63,63. 

[0043] The rear lid side of the plurality of oil cylinders 
63,63 is communicatively connected to the rear lid side 
of a first special oil cylinder 64 mounted on the left side 

30 of the pattern plate carrier 61 via piping 66, and the front 
lid side of the plurality of oil cylinders 63,63 is commu- 
nicatively connected to the rear lid side of a second spe- 
cial oil cylinder 65 mounted on the right side of the pat- 
tern plate carrier 61 via piping 67. The expansion and 

35 contraction of the plurality of oil cylinders 63,63 is gen- 
erated such that the first and second special oil cylinders 
64 and 65 are interlocked to be alternately contracted 
and expanded so as to alternately supply oil to, and dis- 
charge oil from, the rear lid side and front lid side, re- 

40 spectively. 

[0044] The first special oil cylinder 64 is contracted by 
the expansion of an oil cylinder 68 that is separately and 
fixedly disposed in a given place outside the pattern 
plate carrier 61 . The second special oil cylinder 65 is 

45 contracted by the expansion of an air cylinder 69 that is 
separately and fixedly disposed in a given location out- 
side the pattern plate carrier 61 . Further, the oil cylinder 
68 is expanded/contracted by an oil-supply circuit 70 
and the air cylinder is expanded/contracted by an air- 

50 supply circuit 71. On the upper surface of the pattern 
plate carrier 61 a pattern plate is mounted. 
[0045] In the thus-constituted embodiment the auxil- 
iary flask is moved up such that the pattern plate carrier 
61 and the auxiliary flask 62 and the like are moved to 

55 a given position; the first special oil cylinder 64 and the 
second special oil cylinder 65 are made to correspond 
to the oil cylinder 68 and air cylinder 69, respectively; 
and the oil cylinder 68 is expanded and simultaneously 
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the first special oil cylinder 64 is contracted, thereby fluid 
being supplied to the rear lid side of the oil cylinders 
63,63 to cause them to expand so as to move up the 
auxiliary flask 62. Foundry sand is then blown into a 
molding space defined by squeeze feet (not shown), a 
molding flask (not shown), the auxiliary flask 62, and the 
pattern plate 72 so that the foundry sand thrown there- 
into is compressed to be molded. 
[0046] After the completion of the molding, the oil cyl- 
inder 68 is contracted and simultaneously the air cylin- 
der 69 is expanded, and further, the first special oil cyl- 
inder 64 is expanded and simultaneously the second 
special oil cylinder 65 is contracted. Thereby fluid is sup- 
plied to the front lid side of the oil cylinders 63,63 and 
simultaneously fluid is discharged from the rear lid side 
of the cylinders 63,63 to make them contract so as to 
move down the auxiliary flask 62. 

Effects of Invention 

[0047] In accordance with the first embodiment of this 
invention, without the need to install large-scale oil cyl- 
inders for lifting a pattern plate such as one requiring a 
pit, almost all the foundry sand in a molding space de- 
fined by a pattern plate and molding flask can be surely 
compressed into a mold having a desired hardness. 
[0048] I n accordance with the second embodiment of 
this invention, wherein a two-step squeeze compression 
and an increase in the accuracy of removing a flask have 
been achieved, since the generation of spilled sand and 
chips of sand is greatly reduced, the molding space can 
be quantitatively and effectively filled with foundry sand, 
and since foundry sand is squeezed in correspondence 
to the concave/convex shape of a pattern plate, a ho- 
mogenous mold can be molded. Further, since the pow- 
er of the working fluid and the consumption of com- 
pressed air can be reduced, a reduction in cost is real- 
ized by saving energy. 

[0049] In accordance with the pattern carrier of this 
invention, with the adoption of a flask-removing frame 
the body of the molding machine is simplified, and since 
flask-removing cylinders can also be used for both the 
upper and lower pattern carrier installed in both ends of 
the pattern-replacing device, the simple structure of this 
invention enables the number of actuators to be halved, 
to save the power of working fluid. 
[0050] In accordance with the embodiment of the im- 
proved pattern-plate carrier of this invention, since the 
pattern-plate carrier with an auxiliary flask can be com- 
pact, and since the time and labor for the attachment/ 
detachment of piping can be reduced, the pattern-plate 
carrier with an auxiliary flask can be accurately and mov- 
ably installed. 

[0051] As is clear from the above descriptions, the 
pattern-plate-carrier molding machine of this invention 
has various, excellent practical effects. 



Claims 

1 . A method for molding a mold by compressing foun- 
dry sand disposed in a molding space defined by a 

5 pattern plate, subsidiary flask, and flask member, 
the method comprising the steps of 

throwing foundry sand into the molding space, 
pressing down the foundry sand in the molding 

10 space while at least said subsidiary flask is be- 

ing kept from going down, and 
further pressing down the foundry sand in the 
molding space while both said subsidiary flask 
and said flask member are being kept from go- 

15 ing down. 

2. A method of claim 1 , wherein in the step of further 
pressing the foundry sand a compressive force 
which is greater than that in the first pressing step 

20 is applied thereto. 

3. A method of claim 1 or 2, wherein the compressive 
force is applied through a compressive member or 
a flexible film-like member that is movable down. 

25 

4. An apparatus for molding a mold, comprising 

a pattern plate fixedly and horizontally dis- 
posed, 

30 subsidiary flasks disposed around said pattern 

plate so as to be moved up and down, 
lift means for moving said subsidiary flask up 
and down, 

a flask member disposed above said subsidiary 
35 flask so as to be moved up and down, and 

compressing means disposed above said flask 
members, wherein the ends of the compressing 
members can reach at least a point within said 
flask member. 

40 

5. An apparatus of claim 4, further comprising a sub- 
sidiary flask disposed above said flask members, 
wherein the end of said subsidiary flask can reach 
at least a point within said flask member. 

45 

6. A molding machine that consists of a molding base, 
flask-setting cylinders disposed on both sides of the 
base, a frame disposed to bridge and support the 
up-and-down movements of the flask-setting cylin- 

so ders, and a hopper which is supported by the dame 
for pressing foundry sand through segmented 
squeeze feet, the molding machine comprising 

a device for transporting and replacing a carrier 
55 on which the pattern plate is to be mounted, and 

a subsidiary flask that has ventholes surround- 
ing said segmented squeeze feet, and that is 
connected to flask-setting cylinders so as to be 
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(54) DIE MOLDING MACHINE AND PATTERN CARRIER 



(57) In the molding machine of this invention, foun- 
dry sand thrown into a molding space defined by a pat- 
tern plate and flask members is compressed in two 
steps. Namely, in the first step a lower subsidiary flask 
is stationary while in the second step the flask is mova- 
ble. The pattern carrier molding machine of this inven- 
tion comprises a molding base, flask-setting cylinders, 
a lift-support frame, and a segment-squeeze sand hop- 
per. The auxiliary flask 62 of the compact pattern-plate 
carrier with an auxiliary flask of this invention is installed 
movably up and down through a plurality of upward oil 
cylinders 63,63 that are expanded/contracted via spe- 
cial oil cylinders 64,65 operated by outside cylinders 
68,69. 
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Description 

Technical Field 

[0001] This invention relates to a method and appa- 
ratus for compressing foundry sand in a molding space. 
It also relates to a molding machine equipped with a 
flask and a pattern carrier, wherein upper and lower 
mold halves are alternately molded for each empty mold 
half carried therein. In particular, it relates to improve- 
ment in the pattern plate carrier with an auxiliary flask 
carried along with a pattern plate. 

Background of the Invention 

[0002] Conventionally, foundry sand has been com- 
pressed in a molding space formed between a pattern 
plate and molding flask by having the pattern plate and 
compressing means approach each other. This method 
has some problems in that since it needs large-sized 
cylinders the height of a molding machine used for them 
becomes high and the related facilities, such as a pit, 
cost a lot accordingly. This method has also some dis- 
advantages in that since in it, wherein an auxiliary flask 
on which a molding flask is put is put on the upper part 
of a pattern plate, the foundry sand thrown into the mold- 
ing space to fill it must be smoothed prior to compres- 
sion, so that a lot of spilled sand may be generated, and 
so that uneven compression or an uneven compressed 
surface may occur. Therefore, a lot of time and labor are 
needed to deal with such disadvantages. Further, in the 
conventional blow-squeeze machine, wherein foundry 
sand is blown into a molding space to fill the space de- 
fined by squeeze heads, a molding flask on which an 
auxiliary flask is put, and a pattern plate, the foundry 
sand is squeeze compressed. 

[0003] Japanese Patent Early-publication No. 
63-63552 discloses a pattern plate carrier with an aux- 
iliary flask as an example used in such a blow-squeeze 
machine. In the conventional pattern plate carrier with 
an auxiliary flask, a pattern plate is mounted on a carrier 
box disposed movably up and down such that the aux- 
iliary flask is moved up and down through cylinders fixed 
to the carrier box. Since to move the auxiliary flask of 
the thus constituted conventional pattern plate carrier 
large-sized air cylinders having a large diameter are 
used, a great space is needed as well as a large-sized, 
high-priced blow-squeeze machine. Further, there is al- 
so a problem in that to remove the piping of the air cyl- 
inder the replacement of the pattern plate carrier with 
an auxiliary flask is very troublesome. 

Disclosure of Invention 

[0004] In view of these circumstances this invention 
was made. Thus, one object of this invention is to supply 
a method and apparatus for molding foundry sand into 
a mold with a given uniform hardness in a molding space 



defined by a pattern plate and flask members without 
using a pit or large-sized oil cylinders. 
[0005] Another object of this invention is to supply a 
molding machine and pattern carrier wherein the gen- 
5 eration of spills or scraps of sand is reduced, and where- 
in foundry sand is homogenously compressed at a low 
cost. 

[0006] A further object of this invention is to supply a 
compact pattern plate carrier with an auxiliary flask that 

10 can be easily replaced. 

[0007] In accordance with one aspect, the method of 
this invention for molding a mold by compressing foun- 
dry sand disposed in a molding space defined by a pat- 
tern plate, subsidiary flask, and flask member comprises 

15 the steps of throwing foundry sand into the molding 
space, pressing down the foundry sand in the molding 
space while at least said subsidiary flask is being kept 
unable to go downward, and further pressing down the 
foundry sand in the molding space while both said sub- 

20 sidiary flask and said flask members are being kept un- 
able to go downward. 

[0008] In accordance with a further aspect, the appa- 
ratus of this invention for molding a mold comprises a 
pattern plate fixedly disposed horizontally, a subsidiary 

25 flask disposed around said pattern plate so as to be 
moved up and down, lift means for moving said subsid- 
iary flask up and down, a flask member disposed above 
said subsidiary flask so as to be moved up and down, 
and compressing means disposed above said flask 

30 member wherein the ends of the compressing members 
can reach at least a point within said flask member. 
[0009] In another aspect, the apparatus of this inven- 
tion for molding a mold comprises a pattern plate dis- 
posed fixedly and horizontally, a subsidiary flask dis- 

35 posed around said pattern plate so as to be moved up 
and down , lift means for moving said subsidiary flask up 
and down, a flask member disposed above said subsid- 
iary flask so as to be moved up and down, and com- 
pressing means disposed above said flask member, 

40 wherein the ends of the compressing members can 
reach at least a point within said flask member. 
[0010] In stifl another aspect, the pattern carrier of this 
invention comprises a mount on which the pattern plate 
is mounted and a flask-shaped frame disposed to be 

45 movable up and down around said pattern plate for re- 
moving a finished mold. 

[0011] In a further aspect, the pattern carrier of this 
invention comprises a mount on which a pattern plate is 
mounted, a flask-shaped frame disposed to be movable 

so up and down around said pattern plate for removing a 
finished mold, a plurality of guide pins for moving said 
flask shaped frame up in a parallel manner, and a plu- 
rality of actuators mounted on a molding. 
[001 2] In a still further aspect, the pattern plate carrier 

55 of this invention for carrying a pattern plate comprises 
a plurality of upwardly movable cylinders mounted on 
said pattern plate carrier to move said auxiliary flask, at 
least two special oil cylinders mounted on said pattern 
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plate carrier for supplying fluid to the upward cylinders 
by being alternately contracted, and at least two cylin- 
ders disposed separately outside said pattern plate car- 
rier and constituted such that the alternate expansion of 
said at least two cylinders causes said special oil cylin- 
ders to alternately contract. 

Brief Descriptions of Drawings 

[0013] 

Fig. 1 is a schematic vertical section to show a first 
embodiment of the molding machine of this inven- 
tion. 

Fig. 2 is a schematic vertical section to show a state 
of standby for operating a second embodiment of 
the molding machine of this invention. 

Fig. 3 is a schematic vertical section to show a state 
of a molding space being defined in the embodi- 
ment of Fig. 2. 

Fig. 4 is a schematic vertical section to show a state 
of the molding space being aeration filled with foun- 
dry sand in the embodiment of Fig. 2. 

Fig. 5 is a schematic vertical section to show a state 
of the foundry sand being primarily compressed in 
the embodiment of Fig. 2. 

Fig. 6 is a schematic vertical section to show a state 
of the foundry sand being secondarily compressed 
In the embodiment of Fig. 2. 

Fig. 7 is a schematic vertical section to show a state 
of the removal of a finished mold and the supply of 
foundry sand in the embodiment of Fig. 2. 

Fig. 8 is a schematic vertical section to show a state 
of the replacement of a pattern plate in the embod- 
iment of Fig. 2. 

Fig. 9 is an enlarged section viewed from an ar- 
rowed line A-A in the embodiment of Fig. 2. 

Fig. 10 is an enlarged vertical section to show an- 
other embodiment of the pattern plate carrier of this 
invention. 

Fig. 1 1 is a schematic elevation to show an embod- 
iment of the pattern plate carrier of this invention. 

Preferred Embodiments of Invention 

[0014] Referring to Fig. 1 , now we explain a first em- 
bodiment of the molding machine of this invention. The 
molding machine comprises a pattern plate 31 fixed hor- 



izontally, a lower subsidiary flask 32 that surrounds the 
periphery of the pattern plate 31 and that is disposed 
such that it can be both slid and moved up and down, a 
molding flask 33 that is disposed above the lower sub- 

5 sidiary flask 32 so as to be moved up and down, an up- 
per subsidiary flask 34 disposed above the molding flask 
33 so as to be moved up and down : and the squeeze 
feet 48 of the compressing means 35, which are dis- 
posed so as to be movable up and down above the 

10 molding flask 33 such that their ends can reach within 
an area surrounded by the upper subsidiary flask 34. 
[0015] The pattern plate 31 is mounted on the upper 
surface of a turntable 49, described below. In the upper 
surface of the pattern plate 31 , vent-piugs (not shown) 

15 are embedded according to the shape of the pattern 
plate. The lower subsidiary flask 32, mounted on the 
turntable 49, is moved up and down by oil cylinders 
36,36 that are installed in the turntable as a lift mecha- 
nism for the lower flask. The molding flask 33 is moved 

20 in the front and rear directions (in relation to the face of 
the drawing) by a transport mechanism 39 installed in a 
lift frame 40 that is pivoted onto frames 38,38 through a 
plurality of rollers 37,37 with collars. The rollers 33 : 37 
are distanced also in the front and rear directions. The 

25 |jft frame 40 bridges the upper ends of the piston rods 
of two oil cylinders 42,42 that are installed in the left and 
right ends of a level block-like base, and is moved up 
and down by the expansion/contraction of the oil cylin- 
ders. 

30 [001 6] The upper subsidiary flask 34 bridges the low- 
er ends of the piston rods of downward oil cylinders 
44,44 installed in the frames 38,38, The compressing 
means 35, having squeeze feet 48,48, namely a plural- 
ity of compressing members in a square shape, are 

35 mounted on rails 50,50 that are installed in the frames 
38,38 such that the compressing feet can be moved in 
the front and rear directions through a plurality of rollers 
51 ,51 with collars. A hopper 52 is mounted on the rails 
50,50 so that the hopper can be moved in the front and 

40 rear directions. The central part of the turntable 49 is 
installed in the left-side oil cylinder 42 as transport 
means for transporting the pattern plate in the left and 
right directions such that the turntable can be intermit- 
tently and horizontally rotated. 

45 [0017] Below we explain the procedure for compress- 
ing foundry sand thrown into a given molding space. 
First, the lower subsidiary flask 32 is moved up by ex- 
panding the oil cylinders 36,36; in this state the oil cyl- 
inders 42,43 are contracted by a given length; the lift 

so frame 40 is moved down so that the molding flask 33 is 
put on the lower subsidiary flask 32; and then the oil 
cylinders 44,44 are expanded such that the upper sub- 
sidiary flask 34 is put on the molding flask 33 to form a 
molding space. 

55 [001 8] After the formation of the molding space, a giv- 
en amount of molding sand is thrown into the molding 
space from the measuring hopper 52; the hopper 52 is 
then transported out and at the same time as this the 
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compressing means 35 are transported above the upper 
subsidiary flask 34. The downward movement of the 
lower subsidiary flask 32 is then caused to be unable to 
be further continued by stopping the discharge of oil 
when the oil cylinders 36,36 are being contracted; the 
compressing members 48,48 of the compressing 
means 35 are independently moved down while the dis- 
charge side of the oil in the cylinders has been released 
when the oil cylinders 44,44 are being contracted; and 
the compressing means 35 are then moved down by an 
appropriate height through the lift frame 40 by contract- 
ing the oil cylinders 42,43 so that the foundry sand is 
compressed, to thus complete the first stage of the com- 
pression. 

[0019] Next, the downward movement of the lower 
subsidiary flask 32 is made possible by releasing the 
discharging side of the oil cylinders 36,36 when the cyl- 
inders are being contracted; the compressing means 
35, molding flask 33, and upper subsidiary flask 34 are 
then moved down by further contracting the oil cylinders 
42,43; and then the lower subsidiary flask 32 is thereby 
moved down through the molding flask 33, upper sub- 
sidiary flask 34, and oil cylinders 44,44 such that the 
foundry sand united with the molding flask 33 is moved 
down to be further pressed against the pattern plate, to 
thus complete the second stage of compression. At this 
time, preferably the lower surface, namely the joint sur- 
face of the foundry sand in the molding flask, coincides 
with the level of the lower surface of the molding flask. 
[0020] One cycle of the process of pressing foundry 
sand is then completed as follows: after the foundry 
sand has been compressed, the compressing means 
35, including the compressing members 48,48 or the 
like and the upper subsidiary flask 34 and the like are 
moved upward by operating the oil cylinders 42,43 in an 
expansion mode while also operating the oil cylinders 
36,36 in an expansion mode the molding flask 33, hav- 
ing a finished mold therein, is raised by being hung up 
by rollers 37,37, each having a collar so as to be sep- 
arated from the pattern plate 31; another pattern plate 
31 is then brought just under the compressing means 
35 by horizontally rotating the turntable 49 by 180 de- 
grees; the measuring hopper 52 is filled by foundry 
sand; and finally, another empty molding flask 33 is put 
on the transport mechanism 39 to complete the cycle. 
[0021 ] Although in the above embodiment a mold with 
a molding flask is used, a mold with no flask that has 
just been pushed out from a molding mold may also be 
used. In this case, the pressing members 48,48 can be 
moved down to any level within the upper subsidiary 
flask 34 and molding flask, and further, the upper sub- 
sidiary flask 34 can be omitted. 

[0022] Now we explain a second embodiment of this 
invention by referring to Figs. 2-10. 
[0023] In Fig. 2, upward flask-setting cylinders 2,2 are 
mounted on a molding base 1 , and a frame 3 for sup- 
porting the lifting movement of molding members bridg- 
es the rods 2A,2A of the cylinders 2,2. A pattern -replac- 



ing device 4 for alternatively transporting a pattern car- 
rier 6,6A (see Fig. 9), on which a pattern plate 5,5A is 
to be mounted, is disposed above the molding base 1 
in a direction perpendicular to the left and right directions 

s of the flask-setting cylinders 2,2. The pattern-replacing 
device 4 is disposed so as to be movable perpendicular 
to the face of the drawing by an actuator (not shown). 
[0024] A pattern carrier 6, 6A, on which a pattern plate 
5,5A (an upper and lower pattern plates) is to be mount- 

10 ed, is mounted on both sides of the pattern-replacing 
device 4 such that the pattern carrier 6,6A is in a raised 
state by about 5 mm through a spring (not shown), and 
such that the pattern plate 5,5A is alternatively trans- 
ported into and out relative to a position just above the 

15 center of the molding base 1 (see Fig. 9). 

[0025] Flask-removing upward cylinders 7,7A, oper- 
ating as an actuator, are embedded in the four corners 
of the outside of the pattern plate 5,5A on the pattern 
carrier 6,6A. Flask-shaped flask-removing frames 8,8A 

20 are connected to and supported by the ends of the cyl- 
inders 7,7A such that the frames 8,8A can be freely 
moved up and down while surrounding the pattern plate 
5,5A. The flask-removing frames 8,8A are constituted 
such that at the expanded end of the flask-removing cyl- 

25 inders 7,7A the frames 8,8A protrude a little above the 
parting plane of the pattern plate 5,5A, and at the con- 
tracted end the frames are almost level with the parting 
plane (see Fig. 6). 

[0026] A sand hopper 12 is hung from the support 

30 frame 3. An opening 10, through which foundry sand is 
thrown into the hopper, and which is opened and closed 
by a slide gate 9, is provided in the upper end of the 
hopper, and numbers of air chambers 11,11 are provid- 
ed in the inside of the hopper 1 2. An air-supply tube 21 , 

35 through which low-pressure air (for example, 0.05-0.18 
Mpa) is introduced communicates with the upper part of 
the hopper 12 via a changeover valve (not shown). An 
aeration mechanism is provided in the inside of the low- 
er part of the hopper wherein the air chambers 11,11 

40 communicate with a low-pressure air source (for exam- 
ple, 0.05-0.1 8 Mpa) via a changeover valve (not shown) 
such that the low-pressure air is jetted into the hopper 
12 to aerate and fluidize the foundry sand S. Further, in 
the bottom of the hopper 12 segmented-squeeze feet 

45 (compressing members) 13,13 are provided, and 
around them nozzles 14,14 are provided to direct the 
sand for filling the hopper. 

[0027] A subsidiary flask 1 6 is disposed to surround 
the segment-squeeze feet 13,13 and sand nozzles 

so 14,14. The subsidiary flask 16 is moved up and down 
through downward subsidiary-flask cylinders 17,17 in- 
stalled in the lower part of the hopper 12. In the upper 
part of the subsidiary flask 1 6 vent holes 15,15 that com- 
municate with a control chamber (not shown) are dis- 

55 posed to control exhaust air A transport conveyor 1 9 for 
a molding flask 20 is hung from frames 18,18 extending, 
in both the left and right sides of the sand hopper 12, 
from the lift frame 3 to the lower part of the squeeze feet 
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13,13. 

[0028] Referring again to Figs. 2-10, now we explain 
the details of the operation of the molding machine of 
this invention. 

[0029] In Fig. 2, foundry sand is thrown into the sand 
hopper 12, all segmented-squeeze feet 13,13 together 
form a concave/convex shape corresponding to that of 
the pattern plate 5, and an empty molding flask 20 is put 
on the transport conveyor 1 9. 

[0030] The pattern carrier 6 is set on the pattern -re- 
placing device 4 in a raised state, about 5 mm above 
the molding base 1 . The mold-removing frame 8 is made 
to protrude above the parting plane of the pattern plate 
5 by the subsidiary-flask cylinders 7,7. In this state, the 
subsidiary flask 1 6 is moved down to closely contact the 
upper surface ot the molding flask 20 by expanding the 
subsidiary cylinders 17,17 after the sand-throwing 
opening has been closed by the slide gate 9; the molding 
flask 20 is then pressed against the protruding mold-re- 
moving frame 8 at the periphery of the pattern plate 5 
through the contraction movement of the flask-setting 
cylinders 2,2; and the pattern carrier 6 is then pushed 
down in resistance to a spring (not shown), to thus 
achieve the state as in Fig. 3. At this time the molding 
space formed by the pattern plate 5, mold-removing 
frame 8, molding flask 20, subsidiary flask 16, and 
squeeze feet 13,13 takes a concave/convex-shape cor- 
responding to the concave/convex shape of the pattern 
plate 5. 

[0031] The state as in Fig. 4 is then achieved as fol- 
lows: low-pressure air is supplied to the sand hopper 1 2 
from the air-supply tube 21 via a changeover valve (not 
shown) while the foundry sand S in the hopper being 
aerated by low-pressure air is jetted thereinto from num- 
bers of air-jet chambers 11,11 ; and the molding space 
is thus aeration-filled with the foundry sand through the 
sand-directing nozzles 14,14, as shown in Fig. 4. At this 
time the remaining low-pressure air used for the aera- 
tion filing is discharged through vent holes 15 (not 
shown) of the pattern plate 5. Further, the amount of ex- 
haust air discharged from the vent holes 1 5 (not shown) 
of the pattern plate 5 can be controlled by controlling the 
exhaust air by using an exhaust-air-control chamber 
(not shown). This may enable the density of the foundry 
sand to be partly adjusted to fill a complicated shape of 
the pattern plate 5 in the molding space. 
[0032] The state as in Fig. 5 is then achieved as fol- 
lows: the lift-support frame 3 and the members support- 
ed by it are moved down further while the flask-setting 
cylinders 2,2 are being further contracted, and while the 
subsidiary-flask cylinders 17,17 are also being contract- 
ed; and then the primary squeeze, namely, the first-step 
compression, is carried out until all the lower surfaces 
of the squeeze feet 13,1 3 become flat, as shown in Fig. 
5. At this time the contraction movement of the flask- 
setting cylinders 2,2 is continued until the compression 
(squeeze) pressure indicated by a pressure sensor (not 
shown) has reached a given first set pressure or the po- 



sition of an encoder (not shown) of the flask-setting cyl- 
inders 2,2 has reached a given first set position. 
[0033] The state as in Fig. 6 is then achieved as fol- 
lows: the flask-removing cylinders 7,7 are caused to be 

s changed into an oil-released state and at the same time 
as this the flask-setting cylinders 2,2 are contracted at 
a pressure higher than the first-step pressure such that 
the molding flask 20, subsidiary flask 1 6, and squeeze 
feet 13,13 are moved down as a unit to secondarily 

10 squeeze (second compression) all the foundry sand. 
Thus, the mold-removing frame 8 is moved down by the 
contraction of the flask-removing cylinders 7,7 to a level 
about the same as that of the parting plane of the pattern 
plate 5, as shown in Fig. 6. Further, in a case where the 

15 squeeze pressure does not reach the given second 
pressure when the mold-removing frame 8 has reached 
the end of the downward movement, a further squeeze 
is carried out by further contracting the flask-setting cyl- 
inders 2,2 while the subsidiary flask cylinders 17,17 are 

20 being contracted. 

[0034] When the squeeze pressure has reached the 
given second set pressure, a squeeze-stabilizing timer 
begins to operate so that the squeeze operation is main- 
tained for a given time. At this time, to correspond to the 

25 situation wherein the mold-removing frame 8 has not 
reached the end of the downward movement, the sub- 
sidiary flask cylinders 17,17 are operated in an expan- 
sion mode such that the molding flask 20 is pushed 
down until the mold-removing frame 8 has reached the 

30 end of the downward movement through the downward 
movement of the subsidiary flask 16. Thus, the lower 
surface of the molding flask 20 can be kept at about the 
same height as the lower surface of the mold at each 
time. 

35 [0035] The state as in Fig. 7 is achieved as follows: 
while the molding flask 20 is being compressed, via the 
mold-removing frame 8, against the subsidiary flask 16 
through the expansion operation of the cylinders 7,7, the 
flask-setting cylinders 2,2 are then inversely operated 

40 to remove the finished mold; at this time the subsidiary- 
flask cylinders 17,17 are moved up as a unit by being 
united with the molding flask 20 and the squeeze feet 
13,13; the molding flask 20 that has molded a mold is 
supported and moved upward to be removed via the 

45 mold-removing frame 8 by the cylinders 7,7 and at the 
same time as this the molding flask is moved up as a 
unit by being united with a subsidiary flask 16 and 
squeeze feet 13,13; and in the middle of the upward op- 
eration the molding flask 20 that has molded a mold is 

so scooped up by the transport conveyor 19 to be com- 
pletely separated from the pattern plate, and foundry 
sand S is supplied to the sand hopper as shown in Fig. 
7. At this time the mold is removed in a very precise man- 
ner. This is because the finished mold is removed when 

55 it is raised a little from its stationary state, as well as the 
finished mold being removed when the piston rods 2A, 
2A of the flask-setting cylinders have been in their most 
contracted positions. 
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[0036] Finally, the state as in Fig. 8 is achieved as fol- 
lows: the molding flask 20, which has molded a mold, is 
then transported away via the transport conveyor 1 9; an 
empty molding flask 20 is transported in and at the same 
time as this the pattern -replacing device 4 is operated 
by actuators (not shown) to replace the pattern plate 5 
with a pattern plate 5A; and the segmented-squeeze 
feet 13,13 are operated to form a concave/convex 
shape corresponding to the concave/convex shape of 
the pattern plate 5A, as shown in Fig.8. 
[0037] When the pattern plate 5,5A is to be replaced 
with another pattern plate, a pattern carrier 6.6A, on 
which the pattern plate5,5A is placed, is transported out 
from the pattern-replacing device 4 by pattern carrier- 
transport means (not shown), and after the pattern plate 
5,5A has been replaced with another pattern plate, the 
pattern carrier 6,6A, on which another pattern plate is 
placed, is transported to be set into the pattern -replacing 
device 4. 

[0038] Although in the embodiments of this invention 
it is described that low-pressure air is Jetted from the 
lower periphery and the lower Inside of the sand hopper 
12, the low-pressure air may be jetted from another lo- 
cation in the sand hopper 12. Although the preparatory 
compression of foundry sand is not carried out, foundry 
sand may be preparatively compressed through fluid-air 
compression by providing a rotary gate, or an opening 
for introducing compressed air, and the like. Further, al- 
though it is described that numbers of air-jetting cham- 
bers 11,11 communicate with a changeover valve (not 
shown), this may be changed such that a changeover 
valve is provided for each individual air-jetting chamber 
to separately adjust the jetted low-pressure air. 
[0039] Although In the embodiments of this invention 
it is described that the flask-removing cylinders 7,7A that 
operate as an actuator to move the flask-removing 
frame are built in the pattern carrier 6,6A, the flask-re- 
moving cylinders may be not so limited, but they may 
be built in the pattern-replacing device 4. Further, an- 
other embodiment of a pattern carrier 25, as shown in 
Fig. 10, comprises a portion for placing a pattern-plate 
22, a plurality of guide pins 24 that slide up and down 
on the outside of the pattern plate 22 and that horizon- 
tally push up the bottom surface of the flask-shaped 
mold-removing frame 23, flask-removing cylinders 26 
that operate as a plurality of actuators for moving up and 
down the plurality of guide pins 24 so as to have them 
penetrate a space portion in the bottom surface of the 
pattern carrier 25, and a molding base 27 on which the 
flask-removing cylinders 26 are mounted such that ends 
of the flask-removing cylinders 26 do not reach the lower 
surface of the pattern carrier 25 when they are most con- 
tracted. 

[0040] It is a matter of course that there should be no 
interference between the pattern-replacing device 28 
and the flask-removing cylinders 26 when the former is 
being transferred. Some means (for example, fall-pre- 
venting means, not shown, that connects the plurality of 



guide pins 24 to the flask-removing frame 23) should be 
provided to prevent the plurality of guide pins 24 from 
falling. Further, it is considered that in the pattern carrier 
25 a clamping member (not shown) and a clamping de- 
s vice to clamp the clamping member are provided, and 
the pattern carrier 25 is pressed against the molding 
base 27 by pulling the clamping member through the 
clamping device. 

[0041] In the case of the embodiment shown in Fig. 
10 1 .0, since the flask-removing cylinders 26 can also be 
used for upper and lower pattern carriers at both sides 
of the pattern-replacing device 26, the cylinders can be 
installed in just the molding base. Thus, the pattern car- 
rier 25 will not become complicated, and when a working 
15 fluid is used, the constitution of its circuit may be simple 
and the power of the working fluid can be small. 
[0042] Referring to Fig. 11 , we now explain an embod- 
iment of the pattern carrier apparatus used for the mold- 
ing machine of this invention. An auxiliary flask 62 is dis- 
posed movably up and down in the upper end part of a 
box-shaped pattern plate carrier 61 . The auxiliary flask 
62 is mounted on the piston rods of a plurality of upward 
oil cylinders 63,63 mounted on the carrier 61 such that 
the auxiliary flask 62 can be moved up and down 
through the expansion/contraction of the oil cylinders 
63,63. 

[0043] The rear lid side of the plurality of oil cylinders 
63,63 is communicatively connected to the rear lid side 
of a first special oil cylinder 64 mounted on the left side 
of the pattern plate carrier 61 via piping 66, and the front 
lid side of the plurality of oil cylinders 63,63 is commu- 
nicatively connected to the rear lid side of a second spe- 
cial oil cylinder 65 mounted on the right side of the pat- 
tern plate carrier 61 via piping 67. The expansion and 
contraction of the plurality of oil cylinders 63,63 is gen- 
erated such that the first and second special oil cylinders 
64 and 65 are interlocked to be alternately contracted 
and expanded so as to alternately supply oil to, and dis- 
charge oil from, the rear lid side and front lid side, re- 
spectively. 

[0044] The first special oil cylinder 64 is contracted by 
the expansion of an oil cylinder 68 that is separately and 
fixedly disposed in a given place outside the pattern 
plate carrier 61. The second special oil cylinder 65 is 
contracted by the expansion of an air cylinder 69 that is 
separately and fixedly disposed in a given location out- 
side the pattern plate carrier 61 . Further, the oil cylinder 
68 is expanded/contracted by an oil-supply circuit 70 
and the air cylinder is expanded/contracted by an air- 
supply circuit 71 . On the upper surface of the pattern 
plate carrier 61 a pattern plate is mounted. 
[0045] In the thus-constituted embodiment the auxil- 
iary flask is moved up such that the pattern plate carrier 
61 and the auxiliary flask 62 and the like are moved to 
a given position; the first special oil cylinder 64 and the 
second special oil cylinder 65 are made to correspond 
to the oil cylinder 68 and air cylinder 69, respectively; 
and the oil cylinder 68 is expanded and simultaneously 
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the first special oil cylinder 64 is contracted , thereby fluid 
being supplied to the rear lid side of the oil cylinders 
63,63 to cause them to expand so as to move up the 
auxiliary flask 62. Foundry sand is then blown into a 
molding space defined by squeeze feet (not shown), a 
molding flask (not shown), the auxiliary flask 62 : and the 
pattern plate 72 so that the foundry sand thrown there- 
into is compressed to be molded. 

[0046] After the completion of the molding, the oil cyl- 
inder 68 is contracted and simultaneously the air cylin- 
der 69 is expanded, and further, the first special oil cyl- 
inder 64 is expanded and simultaneously the second 
special oil cylinder 65 is contracted. Thereby fluid is sup- 
plied to the front lid side of the oil cylinders 63,63 and 
simultaneously fluid is discharged from the rear lid side 
of the cylinders 63,63 to make them contract so as to 
move down the auxiliary flask 62. 

Effects of Invention 

[0047] In accordance with the first embodiment of this 
invention, without the need to install large-scale oil cyl- 
inders for lifting a pattern plate such as one requiring a 
pit, almost all the foundry sand in a molding space de- 
fined by a pattern plate and molding flask can be surely 
compressed into a mold having a desired hardness. 
[0048] In accordance with the second embodiment of 
this invention, wherein a two-step squeeze compression 
and an increase in the accuracy of removing a flask have 
been achieved, since the generation of spilled sand and 
chips of sand is greatly reduced, the molding space can 
be quantitatively and effectively filled with foundry sand, 
and since foundry sand is squeezed in correspondence 
to the concave/convex shape of a pattern plate, a ho- 
mogenous mold can be molded. Further, since the pow- 
er of the working fluid and the consumption of com- 
pressed air can be reduced, a reduction in cost is real- 
ized by saving energy. 

[0049] In accordance with the pattern carrier of this 
invention, with the adoption of a flask-removing frame 
the body of the molding machine is simplified, and since 
flask-removing cylinders can also be used for both the 
upper and lower pattern carrier installed in both ends of 
the pattern-replacing device, the simple structure of this 
invention enables the number of actuators to be halved, 
to save the power of working fluid. 
[0050] In accordance with the embodiment of the im- 
proved pattern-plate carrier of this invention, since the 
pattern-plate carrier with an auxiliary flask can be com- 
pact, and since the time and labor for the attachment/ 
detachment of piping can be reduced, the pattern-plate 
carrier with an auxiliary flask can be accurately and mov- 
ably installed. 

[0051] As is clear from the above descriptions, the 
pattern-plate-carrier molding machine of this invention 
has various, excellent practical effects. 



Claims 

1 . A method for molding a mold by compressing foun- 
dry sand disposed in a molding space defined by a 
5 pattern plate, subsidiary flask, and flask member, 
the method comprising the steps of 

throwing foundry sand into themolding space, 
pressing down the foundry sand in the mold- 
ing space while at least said subsidiary flask is be- 
10 ing kept from going down, and 

further pressing down the foundry sand in the 
molding space while both said subsidiary flask and 
said flask member are being kept from going down. 

15 2. A method of claim 1 , wherein in the step of further 
pressing the foundry sand a compressive force 
which is greater than that in the first pressing step 
is applied thereto. 

20 3. A method of claim 1 or 2, wherein the compressive 
force is applied through a compressive member or 
a flexible film-like member that is movable down. 

4. An apparatus for molding a mold, comprising 

25 a pattern plate fixedly and horizontally dis- 

posed, 

subsidiary flasks disposed around said pat- 
tern plate so as to be moved up and down, 

lift means for moving said subsidiary flask up 
30 and down, 

a flask member disposed above said subsid- 
iary flask so as to be moved up and down, and 

compressing means disposed above said 
flask members, wherein the ends of the compress- 
es ing members can reach at least a point within said 
flask member. 

5. An apparatus of claim 5, further comprising a sub- 
sidiary flask disposed above said flask members, 

40 wherein the end of said subsidiary flask can reach 
at least a point within said flask member. 

6. A molding machine that consists of a molding base, 
flask-setting cylinders disposed on both sides of the 

45 base, a frame disposed to bridge and support the 
up-and-down movements of the flask-setting cylin- 
ders, and a hopper which is supported by the frame 
for pressing foundry sand through segmented 
squeeze feet, the molding machine comprising 

so a device for transporting and replacing a car- 

rier on which the pattern plate is to be mounted, and 
a subsidiary flask that has ventholes sur- 
rounding said segmented squeeze feet, and that is 
connected to flask-setting cylinders so as to be 

55 movable up and down. 

7. A molding machine of claim 6, wherein said seg- 
mented-squeeze-feet hopper is equipped with air- 
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jetting chambers for aeration and nozzles disposed 
around said segmented squeeze feet for filling the 
hopper with sand. 

8. A molding machine of claim 6, wherein said pattern 5 
plate carrier has a frame for removing a finished 
mold, and wherein the frame is disposed around the 
periphery of said pattern plate so as to be moved 

up and down, 

10 

9. A pattern carrier comprising 

a mount on which the pattern plate is mounted 

and 

a flask-shaped frame disposed movably up 
and down around said pattern plate for removing a 15 
finished mold. 

10. A pattern carrier of claim 9, wherein said flask- 
shaped frame that is disposed movably up and 
down is slid up and down by actuators built in said 20 
pattern carrier or by a device for replacing the pat- 
tern plate. 

11. A pattern carrier consisting of a mount on which a 
pattern plate is mounted, a flask-shaped frame dis- 25 
posed movably up and down around said pattern 
plate for removing a finished mold, a plurality of 
guide pins for moving said flask-shaped frame up 

in a parallel manner, and a plurality of actuators 
mounted on a molding base, the pattern carrier be- 30 
ing characterized in that 

said actuators pass through a space in said 
pattern carrier so as to have said plurality of guide 
pins move up and down, and so as to have their 
ends not touch the lower surface of the pattern car- 35 
rier at their most contracted states. 

12. A pattern carrier of claim 1 0 or 1 1 , wherein said ac- 
tuators are cylinders operated by an operating flu id. 

40 

13. A pattern carrier of claim 10 or 11 , wherein said ac- 
tuators are electric cylinders. 

14. A pattern plate carrier for carrying a pattern plate, 
wherein the pattern plate carrier has an auxiliary 45 
flask on which a pattern plate is mounted movably 

up and down, comprising 

a plurality of upward movable cylinders 
mounted on said pattern plate carrier to move said 
auxiliary flask, so 

at least two special oil cylinders mounted on 
said pattern plate carrier for supplying a fluid with 
the upward cylinders by being alternately contract- 
ed, and 

at least two cylinders disposed separately 55 
outside said pattern plate carrier, and constituted 
such that the mutual expansion of said at least two 
cylinders causes said respective special oil cylin- 



ders to alternately contract. 

15. A molding machine of claim 6, wherein said pattern 
plate carrier comprises 

a plurality of upward movable cylinders 
mounted on said pattern plate carrier to move said 
auxiliary flask, 

at least two special oil cylinders mounted on 
said pattern plate carrier for supplying a fluid with 
the upward cylinders by being alternately contract- 
ed, and 

at least two cylinders disposed separately 
outside said pattern plate carrier, and constituted 
such that the mutual expansion of said at least two 
cylinders causes said special oil cylinders to alter- 
nately contract. 
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